Summary The role of human papillomavirus (HPV) detection in the management of patients with persistent low-grade (mild dyskaryosis or less) cervical cytological abnormalities is unclear. We have analysed cytological matenal from 167 such patients both cytologically and by non-isotopic in situ hybridisation (NISH) for HPV 16. 18. 31 and 33 and consensus primer polymerase chain reaction (PCR) amplification followed by both generic and specific typing for these HPV types. Cervical intraepithelial neoplasia (CIN) 2 or 3 was present in 40 of 167 patients (23.9%), and the positive predictive values (PPVs) for the presence of CIN 2 or 3, of moderate or severe dyskaryosis at repeat cytology and an HPV-positive NISH and genenrc PCR signal were 100%, 66% and 42% respectively. The corresponding sensitivities were 48%, 68% and 87%. Addition of cytology to molecular analysis improved both PPV and sensitivity, the best combination being NISH and cytopathology (PPV 71%, sensitivity 87%). These data demonstrate that the presence of CIN 2 or 3 in patients with mild cytological abnormalities can be predicted by molecular detection of HPV in some cases, particularly when combined with cytological analysis. However, the magnitude of this prediction is dependent on the population of patients studied, and the clinical role of this approach therefore remains to be defined.
including those of the cervix uteri. The presence of certain HPV types (16, 18, 31, 33, 35 and others) is associated with high-grade lesions namely CIN 2 and 3 and invasive cervical carcinoma but these types are found less frequently in lowgrade lesions (CIN 1 and wart virus change only) and in patients with negative cervical biopsies (Munoz et al., 1992; Schiffman, 1992; Lorincz et al., 1993; Schiffman et al., 1993) .
This association suggests that the detection of these viral types in an individual patient might be predictive of the presence of a high-grade lesion or a high-risk of progression of a low-grade lesion. The morphology of signal produced by in situ hybridisation correlates with the presence of viral integration (Cooper et al., 1991a; Kristiansen et al., 1994) , and in studies of CIN and invasive carcinoma this punctate pattern was found in all HPV-positive cervical carcinomas and 69% of HPV-positive CIN 3 lesions (Cooper et al., 1991 b,c) . Moreover, it has been suggested that it is not merely the presence of high-risk HPV types but the amount of viral DNA which is predictive of a high-grade lesion (Cuzick et al., 1992) , although the strength of this prediction varies between studies (Cuzick et al., 1992 (Cuzick et al., , 1994 Herrington et al., 1992a; Bavin et al., 1993) .
The recommended management of patients with moderately and severely dyskaryotic cells present in a cervical smear is immediate referral for colposcopy and possible treatment (National Coordinating Network, 1992 (1991, 1992) . Any biopsies taken were processed in the routine manner and haematoxylin and eosin-stained sections examined. Standard cytopathological and histopathological criteria were used for diagnosis (Coleman & Evans, 1988 (1991, 1992) . Briefly, a 450 bp segment of the L1 gene was amplified using degenerate consensus primers. The PCR products were dot blotted on to nitrocellulose and hybridised with the following probes: mixed degenerate consensus probes; PCR-generated 410 bp probes specific for HPV 16, 18 and 31 individually; and biotinylated oligonucleotide probes specific for HPV 6/11 and HPV 33. The HPV 16, HPV 18 and HPV 31 degenerate probes were generated by PCR using biotinylated dUTP and nested primers and, when used together at low stringency, these detect a wide range of HPV types (Bauer et al., 1992; Schiffman et al., 1993) . The probes were rendered HPV specific by elevating washing stringency until only the appropriate plasmid-derived PCR product hybridised. Detection was performed using streptavidin and biotinylated alkaline phosphatase, with nitroblue tetrazolium, 5-bromo-4-chloro-3-indolyl-phosphate as chromogen as previously described (Chan et al., 1985) . Plasmid-derived PCR products were incorporated as positive controls and reactions carried out in the absence of DNA as negative controls. Table I , and PPV of moderately or severely dyskaryotic cytology for CIN 2 or 3 was 100% with a sensitivity of 48% (see Table H1 ).
In situ hybridisation A representative example of a NISH positive smear is shown in Figure 1 and the correlation of NISH with biopsy histology in Figure 2 . In situ hybridisation alone was positive in 41 cases (24.6%) and had a PPV of 66% for CIN 2 or 3 with a sensitivity of 68% (Table II (Figure 3) respectively. The combination of NISH and PCR improved sensitivity and PPV owing to the detection of three further CIN 2 or 3 lesions by NISH:
in two of these, the absence of P-globin amplification showed Figure  4 and the spectrum of HPV types identified in Figure 5 . Table II ).
Cytology and NISHIPCR

Discusso
Molecular analysis of HPV DNA in patients with minor cytological abnormalities has been advocated to identify current high-grade lesions underdiagnosed by cytology (Cuzick et al., 1992; Bavin et al., 1993) , and it has been suggested that high copy number infection with these viruses is more predictive than the detection of viral presence alone (Cuzick et al., 1992; Hernngton et al., 1992a; Bavin et al., 1993) . In this study, cytological assessment and molecular HPV typing were carried out on samples taken at the same colposcopic examination to minimise sampling error. Non-isotopic in situ hybridisation (NISH) alone detected 68% of the CIN 2 or 3 lesions but was also positive in 11% of smears from patients without such lesions, giving a positive predictive value (PPV) of 66%. The presence of punctate signal, which correlates with viral integration (Cooper, 1991a), was predictive of a high-grade lesion (PPV 80%) but insensitive (sensitivity 30%). Generic PCR amplification of HPV had high sensitivity (87%) but low predictive value (42%) and, if only those cases typed specifically as HPV 16, 18, 31 and 33 were considered, the predictive value improved (52%) but the sensitivity dropped to 77%. Moreover, high-risk HPV types were present in smears from patients with low-grade lesions. Similarly, untyped viral sequences were associated not only with low-grade lesions and normal biopsies, but also with four cases of CIN 2 or 3: in two of these, NISH was positive, indicating the presence of sequences related to the high-risk HPV types present in the NISH cocktail (HPV 16, 18, 31 and 33) (Herrington et al., 1993) . Combination of NISH and PCR detection of HPV improved sensitivity (to 95%), but the PPV was still low (44%) owing to PCR positive smears from patients without high-grade lesions. There is therefore an inverse relationship between the sensitivity and PPV of HPV DNA detection for current high-grade CIN. The greater prediction of NISH, which is intrinsically less sensitive than PCR, confirms the association described by Cuzick et al. (1992) , but molecular detection alone using the techniques described here is not applicable to routine clinical testing in this population.
The combination of cytology with molecular detection of HPV is logical as not all CIN 2 and 3 lesions are HPV positive, whether assessed by NISH or PCR (Cooper et al., 1991b; Munoz et al., 1992; Troncone et al., 1992; Walboomers et al., 1992) . Addition of cytology to NISH increased both sensitivity and PPV, to 87% and 71% respectively. Combination of cytology and PCR was more sensitive and predictive than PCR alone but less predictive than the combination of NISH and cytology. If all three techniques were used, very high sensitivity was achieved (97%), with only one case of CIN 2 remaining undetected. However, the PPV was still low, again because of the number of PCR-positive cases. Overall, therefore, the best combination of PPV and sensitivity was achieved by combining NISH and cytology.
However, accurate definition of the patients analysed is important as the predictive value is sensitive to the case mix under study. If a greater proportion of lesions is high grade, as was the case in one previously reported study (Cuzick et al.. 1992) , the test will appear more predictive, given the same sensitivity. Indeed, good prediction can be achieved either by reducing the sensitivity of a test for low-grade lesions, i.e. by increasing its discrimination between low-and high-grade lesions, or by increasing the proportion of highgrade lesions in the population being studied. In patients with low-grade cervical cytological abnormalities, this proportion is likely to be small and good prediction will be reliant on the discriminative power of the test. Clinical utility will therefore require a test which is both discriminative and sensitive. This has yet to be achieved with current methodology, and the data presented here show that NISH analysis in unlikely to provide the degree of discrimination required, as productive viral infection is present in a proportion of patients who do not have CIN 2 or 3: this caveat is also likely to apply to semiquantitative PCR techniques.
Although HPV analysis is only moderately predictive of a current high-grade lesion, those patients who are HPV positive and have a low-grade lesion may be at greater risk of progression to a high-grade lesion with time. If this were the case, population selection would be less problematic as a link between HPV positivity and progression would negate the biasing effect of case mix. Prospective follow-up studies of HPV analysis are needed to address this question.
